The cellular distributions of the kidney form of the erythrocyte band 3 chloride/bicarbonate exchanger and the kidney vacuolar H.transporting ATPase were examined in rat kidney collecting duct by immunoCytochemical stining of adjacent semithin sections. Polyclonal anti-peptide antibodies directed against two regions of murine erythroid band 3 gave a pattern of basolateral labeling similar to that seen with antibodies directed against the entire protein. In the medullary
collecting duct almost all intercalated cells expressed basolateral membrane band 3 and displayed apical membrane H+-ATPase. In the cortical collecting duct and the connecting segment, band 3 labeling was restricted to a subpopulation of intercalated cells. In the cortical collecting duct 46% of intercalated cells had apical H+-ATPase and basolateral band 3. Cells that had either basolateral or diffuse cytoplasmic staining for H+-ATPase were all band 3-negative and accounted for 53% of the intercalated cells. In addition, occasional intercalated cells with apical H+-ATPase appeared to lack basolateral band 3. These results demonstrate the coexpression of H+-ATPase and band 3 in opposite plasma membrane domains of a subpopulation of intercalated cells that are probably the acid-excreting (type A) cells. All other intercalated cells lacked immunoreactive band 3 and probably include the bicarbonateexcreting (type B) cells.
The mammalian kidney achieves systemic acid/base balance by reabsorption offiltered bicarbonate in the proximal tubule (1, 2) and by reabsorption (3) (4) (5) or excretion of bicarbonate (6) (7) (8) in the collecting duct. The balance between net absorption and net excretion of bicarbonate in the collecting duct is subject to regulation by the acid/base status and mineralocorticoid status of the animal (6) (7) (8) . The mitochondria-rich intercalated cells of the collecting duct are specialized for proton and bicarbonate transport and have been subtyped based on their morphological characteristics. By analogy with the turtle urinary bladder, in which a and 8 intercalated cells, respectively, are believed to excrete protons and bicarbonate into the urine (9), so-called A and B intercalated cells have been similarly defined in studies of isolated perfused rat and rabbit collecting ducts (5) (6) (7) (8) .
Immunocytochemical characterization ofintercalated cells has revealed subtypes that either exhibit or lack immunoreactive band 3 protein in their basolateral membranes (10) (11) (12) (13) (14) . The transport of bicarbonate across the basolateral plasma membrane of type A intercalated cells appears to be carried out by products of alternative transcripts of the erythroid band 3 gene (15) (16) (17) . The kidney band 3 protein encoded by the principal renal transcript lacks the 79 N-terminal residues of erythrocyte band 3 (17, 18) .
More recently, intercalated cell subtypes with either an apical, a basolateral, or a diffuse distribution of immunoreactive vacuolar H+-ATPase have been described (19, 20 maleimidobenzoic N-hydroxysuccinimide ester were obtained from Pierce. Affi-Gel 15 was from Bio-Rad. Antiserum to purified murine erythrocyte band 3 has been described (21) . Polyclonal antiserum to the cytoplasmic (22) C-terminal dodecapeptide of murine band 3 was a gift of R. Kopito (23, 24) . Polyclonal antisera to the bovine renal medullary vacuolar H -ATPase and to individual subunit polypeptides of the H+-ATPase were prepared as described (25) .
Preparation of Anti-Band 3 Anti-Peptide Antibodies. Synthetic peptides comprising amino acids 214-228 and 571-583 of murine erythroid band 3 (26) , and each containing a C-terminal cysteine, were prepared by James Burton (University Hospital, Boston) by solid-phase synthesis using HCl/dioxane methodology. The crude peptides were disAbbreviations: B3RP; band 3-related protein; FITC, fluorescein isothiocyanate.
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solved in 10o acetic acid and purified on a Sephadex G-25 column (200-ml bed volume). Limit acid hydrolysates of the purified peptides were subjected to amino acid analysis by Paul Matsudaira (Whitehead Institute, Cambridge, MA) to confirm their identities.
Each peptide (3-5 mg) was crosslinked to keyhole limpet hemocyanin with succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate, and the coupled peptide was mixed with complete Freund's adjuvant. New Zealand White rabbits were immunized by subcutaneous injection and were given booster injections of coupled peptide in incomplete Freund's adjuvant after 1 month and at 3-week intervals thereafter. Sera were tested by peptide ELISA and subsequently by Western immunoblotting (23, 27) with detection by 125I-labeled protein A autoradiography. Sera were affinitypurified either by adsorption to nitrocellulose strips (28) containing murine erythroid band 3 or by affinity chromatography over Affi-Gel 15 coupled to a peptide-albumin conjugate prepared by crosslinking with m-maleimidobenzoic N-hydroxysuccinimide ester.
Preparation and Analysis of Erytbrocyte Membranes. CD-1 mice were bled from the tail vessels into phosphate-buffered saline (PBS: 0.9% NaCl/10 mM sodium phosphate, pH 7.4) containing heparin. After removal ofthe buffy coat, "ghosts" were prepared by lysis at 4°C in 50 volumes of 5 mM sodium phosphate, pH 8.0/1 mM phenylmethylsulfonyl fluoride. Protein was assayed by the bicinchoninic acid (BCA) method (29) . SDS/PAGE was performed by the method of Laemmli (30) .
Tissue Preparation. Adult Sprague-Dawley rats were anesthetized with Inactin (Byk-Guiden Pharmazeutika), and their kidneys were perfused via the left ventricle, first with Hanks' balanced salt solution for 1-2 min and then with a fixative containing 2% paraformaldehyde, 10 mM sodium periodate, and 75 mM lysine (31) for 10 min. Kidneys were removed and immersed overnight in the same fixative at 4°C. Pieces of kidney from various kidney regions were separated and embedded in LX-112 resin without postfixation in osmium.
Immunocytochemistry. Semithin (1 ,m) sections were cut from tissue embedded in LX-112 and were treated for 2 min with a mixture of 2 g of KOH, 5 ml of propylene oxide and 10 ml of methanol to remove the resin (32 For the quantitation in Table 1 , some sections from each animal were double-stained with anti-band 3 antibody and FITC-labeled goat anti-rabbit IgG in a first step, followed by anti-H+-ATPase antibody and Texas red-labeled goat antirabbit IgG in a second step. Despite the fact that both primary antibodies were raised in the same species, kidney band 3 staining could be easily distinguished from H+-ATPase staining by using the appropriate filter combinations. The different labeling patterns were directly quantified under the microscope.
RESULTS
Antibody Specificity. We used four antibodies raised against three synthetic peptides corresponding to defined regions of murine band 3: a178, against residues 214-228, in the middle of the N-terminal cytoplasmic domain; a176 and a177, against residues 571-583, an externally disposed region of the transmembrane domain; and aCT, against the cytoplasmic C-terminal dodecapeptide. The Western blot of erythrocyte ghost membrane proteins (Fig. 1) indicated that all three anti-peptide antisera specifically detected band 3, as did the antiserum directed against the intact protein (aB3). The result was the same when nitrocellulose afflinity-purified a178, a176 (data not shown), and aCT (23) were used.
The different anti-band 3 antisera recognized epitopes of identical distribution in the kidney. In serial semithin sections of rat kidney medulla, the aB3, a178, and aCT antisera stained the basolateral surface of the same intercalated cells (Fig. 2) . However, no signal was detected in kidney sections with antibodies a176 or a177, whether on embedded or frozen tissue sections (data not shown). These data support published evidence (10) (11) (12) (13) (14) 24 ) that the immunoreactive band 3 of the intercalated cell basolateral membrane, as well as the functional anion exchanger of purified medullary collecting duct cells (34) , is highly similar or identical to erythroid band 3 throughout most of its length. We refer to this immunoreactive band 3 as kidney band 3 (17, 18) .
Colocalization of Kidney Band 3 and H+-ATPase. Adjacent semithin sections of rat kidney outer medulla (Fig. 3) and cortex (Figs. 4 and 5) were incubated with antibodies to H+-ATPase and to band 3. Intercalated cells were defined by their darker, more granular appearance in phase-contrast microscopy and by their characteristic staining patterns with antibody to H+-ATPase (19, 20 In the outer stripe of the outer medulla (figure not shown) 88% of the intercalated cells were of type A. The remaining 12% were type B, characterized by a basolateral and/or diffuse distribution of H+-ATPase and an apparent absence of kidney band 3. These type B intercalated cells were all located in the juxtacortical region of the outer stripe.
In the cortex, type A intercalated cells comprise 46%, while type B intercalated cells represented almost all of the remaining 54%. Fig. 4 shows a cross-section of a cortical connecting segment that displays a type A (arrows) and a type B intercalated cell (arrowheads) in close proximity. The same mix of intercalated cell types is present in the cortical collecting duct (data not shown). Fig. 5 shows two examples of the third variety of intercalated cell (arrows), infrequently found in the cortical collecting duct and connecting segment. The cells display apical H+-ATPase (arrows) but no detectable basolateral band 3 (arrowheads) and comprise <1% of the intercalated cells of the cortex.
Kidney band 3 is absent from all non-intercalated cells that display H+-ATPase (20) . Evident examples are in Fig. 4 , in which proximal tubule cells show H+-ATPase at the base of the brush border, while connecting segment cells show a thin rim of H+-ATPase at their apical membrane. were examined in semithin LX-122 sections of rat kidney from three ad libitum-fed animals. Kidney band 3 was detected with the aCT serum. H+-ATPase was detected in the same double-stained section with antibody to the 56-kDa subunit. "Cortex" included both cortical collecting duct and connecting segment. The "outer stripe" and "inner stripe" of the outer medulla were defined by gross anatomical landmarks. Total intercalated cells were defined by their characteristic staining with H+-ATPase antibody (19) (ii) an acid-extruding mechanism must function on only one side of the cell; and (iii) a base-extruding mechanism must be present only on the opposite plasma membrane. These individual components of the acid/base excretory system have been examined previously in the mammalian collecting duct by immunocytochemistry. In separate studies, carbonic anhydrase (35) (36) (37) , immunoreactive band 3 (10) (11) (12) (13) (14) 24) , and the vacuolar H+-ATPase (19, 20) were detected in intercalated cells. Carbonic anhydrase was present in the intercalated cell cytoplasm (35) (36) (37) and, at least in some rabbit cells (37) , apparently associated with the plasma membrane. Immunoreactive band 3 was localized to the basolateral membrane of only some intercalated cells (11, 12, 14) . Band 3-negative intercalated cells in the rabbit cortical collecting duct were characterized by peanut lectin-labeling of their apical membranes (11) . H+-ATPase was found in apical or in basolateral membranes of individual rat intercalated cells and was present diffusely throughout the cytoplasm of some cells (19, 20) .
By examination ofadjacent semithin sections of rat kidney, we have united the separate classifications of intercalated cells by their patterns of expression of H+-ATPase and of kidney band 3. We have found that >99% ofintercalated cells with apical H+-ATPase also express kidney band 3 and restrict it to their basolateral membranes. These cells comprise all the intercalated cells in the inner stripe of the rat outer medullary collecting duct, 88% of the intercalated cells in the outer stripe, and 46% of the intercalated cells in the cortical collecting duct. We believe that these cells represent acid-excreting (type A) intercalated cells. The localization of proton-and bicarbonate-transporting molecules to opposite sides of the same cells (see also ref. 45 ) conforms to models of acid excretion developed from studies of isolated perfused rat and rabbit medullary collecting ducts (3, (5) (6) (7) .
Of the intercalated cells of the rat cortical collecting duct and connecting segment, 53.2% are type B, exhibit basolateral or diffuse cytoplasmic staining for H+-ATPase, and lack immunoreactive band 3. As described before (19, 20) , basolaterally and diffusely staining cells were considered together because their combined number was relatively constant among individual animals fed ad libitum. These type B cells may excrete bicarbonate into the urine. Physiological studies suggest that basolateral expression of H+-ATPase occurs in those rabbit and rat cortical collecting duct cells that excrete alkali or reabsorb chloride. Ion-substitution experiments in isolated perfused cortical collecting ducts of rabbit (38) and rat (7) suggest that base excretion is mediated by electroneutral exchange of intracellular bicarbonate for luminal chloride. Thus these cells may also mediate resorption ofchloride from the urine (38) . However, consistent with previous studies on rabbit cortical collecting duct (11) and turtle bladder (39), we cannot detect immunoreactive band 3 on apical plasma membranes in any rat cortical collecting duct cells or in any other nephron segment of rat. The percentage of intercalated cells without immunoreactive band 3 in rat cortical collecting duct is considerably smaller than that reported for rabbit (11) . We attribute this and other differences (45) partly to dietary differences in content of acid and alkali but cannot rule out intrinsic species differences.
The multiple polypeptides that comprise the vacuolar H+-ATPase have been described (4, 20) . In contrast, the identity of the apical anion exchanger of the type B intercalated cell is unknown. A band 3-related protein (B3RP) of mouse kidney (40) was proposed as a candidate for this apical anion exchanger (15) . However, subsequent experiments with anti-peptide antibodies specific for B3RP localized it not to type B intercalated cells but rather to the apical membrane of distal convoluted tubule cells and to the apical membrane of the salt-resorbing principal cells of the cortical collecting duct (41) .
Sequence analysis of the mouse and rat kidney band 3 cDNAs (17, 18) 
